gland cells contain photoreceptors and the suprachiasmatic nucleus seems to be involved in biological rhythm just like in other vertebrates. This work aims to describe the role of luminosity and day periods in Danio rerio's Light/Dark preference. For this purpose 160 naive adult undetermined sex Zebrafish were divided into 5 groups of 32 subjects and kept in isolated aquaria with light control. Afterwards, each fish was tested in the Light/Dark aquaria, with water column of 5 centimeters. There was an habituation period of 5 minutes (300 seconds) followed by removal of the sliding doors, allowing the subjects to explore the apparatus for 15 minutes (900 seconds). Tests were performed in different day periods, as follows: Morning (06:00 -12:00 h); Afternoon (12:00 -18:00 h); Night (18:00 -24:00 h); Late Night (24:00 -06:00 h). Our results show that the time of permanence is sensitive to day period. The number of crossings and latency were not influenced by the period of the day. Further studies regarding biological basis of Light/Dark Preference should be carried out in order to understand the role of circadian function in Danio rerio's behavior.
Introdução
scale as an experimental model for being cheap, easy The zebrafish, Danio rerio, is a small bony fish (circa to breed and keep and well adapted to life in aquaria 30 millimeters) from the Cyprinidae family and (HOUART, 2001) . Some of its advantages are the originated from the Ganges delta, in the Indian regularity of egg laying by females, the number of subcontinent (approximate location 22º N, 90º E, near embryos obtained and fast sexual maturity (BILLOTA; the Tropic of Cancer). It's a diurnal fish (SPENCE et al., SASZIK, 2001) . 2008) that lives in clean and clear water, under bridges, Zebrafish's encephalic and nervous development is in shallow lakes with rich vegetation on its banks. This fish similar to other vertebrates, therefore, its use as a model can be spotted along all the water column of its habitat, for motor disorders is possible (BILLOTA; SASZIK, 2001) . commonly among the vegetation and in rice paddies Some neural structures, like the dopaminergic neurons of (SPENCE et al., 2006) . After fertilization, this fish grows the diencephalon are comparable to dopaminergic fast during the three first months and then the growth systems in humans and contribute to the understanding of rate decreases until completing 18 months, in an development and maintenance of these bias in average life expectancy of 42 months (SPENCE et al, vertebrates (FLINN et al., 2008) . Estimates of hereditary 2008). Zebrafish is an ornamental fish used in large factors are possible using this experimental model when Biota Amazônia exploratory behavior toward a novel object and (LORENC-DUDA et al., 2008) . shoaling formation are measured (WRIGHT et al., Hormones like melatonin were tested in two diurnal 2003). Shoals may be studied with behavioral and nocturnal fish species in order to verify their role in techniques, for instance, measuring its coherence related feeding behavior and biological rhythm, using two to size (PRITCHARD et al., 2001 ); the role of nutritional different light regimes (12/12 h light/dark and 24h status in shoal choice (KRAUSE; HARTMANN; light). The treatment affected appetite of both species PRITCHARD, 1999) and the influence of gender (sex) and the activity among species has changed (LÓPEZ-and size in school choice (RUHL; Mc ROBERT, 2005) .
OLMEDA; MADRID; SÁNCHEZ-VÁZQUEZ, 2006) . Studies regarding body shape and its functionality in There are several studies regarding the influence of the environment may also use Danio rerio as a model light in behavior and physiology of Danio rerio (for (PLAUT, 2000) . The ease of monitoring development instance: KAZIMI; CAHILL (1999); HURD et al. (1998) ; allows a behavioral evaluation of the visual behavior of MESQUITA et al. (2008) ). Kazimi e Cahill (1999) has fish through psychophysics tests (FLEISCH; NEUHAUSS, noticed that embryos kept in a 14/10 h light/dark 2006). environment produce melatonin on the second day after The animals have anatomical and physiological zygote formation. It was found that when exposed only structures influenced by luminosity. In mammals, these to luminosity, the hormone synthesis starts between 20 structures are represented by the suprachiasmatic and 26 hours after zygote formation. As the nucleus, by the intergeniculate leaflet and by the pineal photoreceptors of the pineal gland already exist and gland. These mechanisms generate internal pulses and the retinal, in contrast, do not exist, the control of synchronize the systemic activity with light/dark cycle of melatonin production based upon luminosity seems to be the environment, regulating therefore the biological glandular (KAZIMI; CAHILL, 1999) . rhythm of the individual (CARDOSO et al., 2009) . In fish, Using infra-red movement detectors, the motor the pineal gland cells contain photoreceptors and the activity of zebrafish was measured in relation to the suprachiasmatic nucleus seems to be involved in amount of light in the environment. Fish were kept in a biological rhythm just like in other vertebrates (EVANS, 12/12 h light/dark cycle and most of them have shown 1998).
locomotor activity during the period with light. The The exposition to constant luminosity, including the locomotor activity has decreased when subjects were night period, may lead some animals to develop kept in completely dark or illuminated environments, disturbances in motor activity; hormones; hypothalamic suggesting a light regulation (circadian) for this activity control of temperature and sleep-wake cycle. Rats were (HURD et al., 1998) . tested for behavioral changes in anxiety and depression Zebrafish was tested in an aquarium divided in left models (porsolt forced swimming, elevated plus maze and right side for the control group. The second group and open field tests) and their glucocorticoid level was was tested in the same aquarium, but the left side had measured. When exposed to twenty-four hours of some objects. The third group had the same design from luminosity for 3 weeks the subjects have shown an control, but with a stroboscopic light on the left side. The increased depressive-like behavior, assessed by the results have shown that Danio rerio prefers the side with Forced swim test, a decrease in anxiety-like behaviors objects and avoids the side with light (MESQUITA et al., assessed by the Elevated plus maze and Open field tests 2008). and a glucocorticoid reduction, showing that affective Studies carried out with rats have established the response is not shown as a result of increased anxiogenic effects caused when subjects are placed in corticosterois. Thus, it appears that exposure to different boxes with half side white and half side black for testing light regimes may alter physiological functioning and exploratory behavior (COSTALL et al., 1989) . Rats are behavior of the animals (FONKEN et al., 2009) .
likely to avoid bright or unknown environments (BOURIN Experiments performed in turkeys have measured the e HASCOEÜT, 2003) and the same behavior can be amount of Serotonina-N-acetiltranferase, an enzyme of found in fish (SERRA; MEDALHA; MATTIOLI, 1999; the melatonin hormone biosynthesis chain, in two kinds of GOUVEIA-Jr et al., 2005) . Anxiolytic drugs are able to tissues (retina and pineal gland). After keeping the diminish both aversion for the white side of the animals either in a completely dark or illuminated apparatus in rats and the time the animal takes to visit environment for seven days. The amount of enzyme the aversive side of the aquarium for the first time measured has decayed to zero on the fifth day for (CHAOULOFF; DURAND; MORMÀDE, 1997). turkeys kept in the dark, whereas the pineal gland tissue
The aversion for white environments can be noticed in had no decrease. The retina tissue of the group kept with several different fish species. Percas (Sander lucioperca) constant light had no oscillations of enzymatic rate, such were tested in aquaria with different amounts of light, oscillations were found on the pineal gland tissue. This showing preference for low light environments indicates that, in turkeys, the pineal gland can keep (LUCHIARI et al., 2006) . Goldfish (Carassius auratus) producing some hormone even in constantly dark or light were placed in the central area of an aquarium and environments, what does not occur in retina's tissue thereafter could swim toward the black or white sides. Biota Amazônia Variables such as first choice, number of crossings and keep the animals during the isolation period. there was a time of permanence in each environment were drawer below the four compartments, measuring 61,0 x considered. As a result, the preference for dark places 12,0 x 40,0, for storing supplies. At the superior part a was pointed out (GOUVEIA Jr et al., 2005) . A study white acrylic cover was used as a table where the performed with teleostei fish (Paracheirodon axelrodi, light/dark boxes were placed to run the experiments. In Astyanax altiparanae, Oreochromis niloticus, Poecilia order to measure temperature, air circulation and feeding reticulata, Gymnotus carapo e Danio rerio) has shown that without opening the apparatus there was, respectively, a these species, including Danio rerio, have preference for thermometer with external display, an air pump and tubes dark environments and avoid (except for Oreochromis with external opening. The light/dark box is a niloticus) white environments (MAXIMINO et al., 2007) . rectangular acrylic opaque tank comprising half side black and half side white, measuring 45,0 x 15,0 x 10,0 Serra, Medalha e Mattioli (1999) has tested centimeters. There is a central 5-centimeters compartment zebrafish's preference for dark environments in two delimited by two sliding doors where the fish are placed. experiments using an aquarium with half side white and half side black. The sides were separated by a sliding Thirty two subjects were isolated individually in each door. The first experiment consisted in putting the subjects compartment for 7 days, in transparent and identical one by one on the white or on the black side for thirty aquaria measuring 24,5 x 11,0 x 10,0 centimeters. Each seconds, removing the sliding door thereafter and compartment had a timer connected to a light bulb in allowing them to explore the apparatus for 10 minutes. order to control for luminosity. One compartment had 14 The test was carried out in two consecutive days, with the hours of light and 10 hours of dark (14/10); another same animals. For both days the time spent on each side compartment with 10 hours of light and 14 hours of dark of the aquarium was recorded. On the second (10/14);another compartment with 24 hours of darkness experiment, the first experiment conditions were (00/24); the other had 24 hours of luminosity (24/00); replicated, but half of the animals were placed on the and the last one had 12 hours of luminosity and 12 hours white side and the other half was placed on the black of darkness (12/12). side. The time spent by the animal for crossing towards the
The tests were carried out in different periods of the opposite side was measured, demonstrating maintenance day, divided as follows: Morning (06:00 -12:00 h); preferably maintained. Such preference is quite resistant Afternoon (12:00 -18:00 h); Night (18:00 -24:00 h); to environmental manipulations, not being affected by Late Night (24:00 -06:00 h). Eight individuals of each environmental enrichment, isolation, shape of aquaria group were used on each period tested. Each subject was among other variables (MAXIMINO et al., 2010) . This placed, one at a time, at the light/dark box with 5 preference has a species-dependent habituation effect, centimeters of water column. After 5 minutes (three not present in Danio rerio, but in Carassius auratus hundred seconds) of habituation in the central (MAXIMINO et al., 2007) . compartment the sliding doors were opened and the This study investigated the role of luminosity and day subject could freely explore both compartments of the periods in Danio rerio's Light/Dark preference on the tank during 15 minutes (nine hundred seconds). By the end light/dark box.
of the test the animals were measured and weighted. The tested animals were not used in any other test. No animals were hurt or sacrificed. The total time spent (permanence) 2. Materials and Methods in each side of the test aquarium, the number of crossings One hundred and sixty adult and naive zebrafish of and the first latency for exploration (time taken by the undetermined sex, obtained from local pet shops were animal to cross to the side opposite to the first choice) divided into 5 groups of 32 subjects and kept in isolated were computed. aquaria with light control. Fish were fed with Tetra Color,
The data collected in this study was statistically Tetra GmâH, Germany. All experiments were conducted analyzed by two-way ANOVA (group and period), in the laboratory of neuroscience and behavior of the followed by Tukey test (when necessary) using the federal university of Pará, Brazil.
program SIGMA STAT 3.0, considering a value of p The apparatus used for isolating subjects was built with medium-density fibreboards (MDF) of 15 millimeters, 0,05 statistically significant. measuring 65,5 x 79,0 x 42,0 centimeters, divided into 4 compartments measuring 30,0 x 30,0 x 40,0 centimeters.
Results

Each compartment has a door double sealed with foam
The time of permanence on the black side of the adhesive tapes of 3 millimeters placed on the inner edges aquarium was not statistically significant in relation to of the door and on the apparatus, at the same position, groups (00/24; 10/14; 12/12; 14/10; 24/00) and to preventing light to get inside. Light bulbs connected to periods of test (morning; afternoon; night; late night). The timers provided control of the light periods in each significance is reached when groups and periods are compartment. Ducts equipped with coolers remove the compared. The two-way ANOVA and the Tukeyhave warm air from each compartment, independently, through shown differences between morning post-test andnight, holes that don't allow the entrance of light. Identical and between late night and night in the group 14/10; transparent aquaria, measuring 24,5 x 11,0 x 10,0 between periods afternoon and night in the group centimeters with the same amount of water were used to 10/14; Between periods afternoon and morning in Biota Amazônia the group 12/12; between groups 14/10 and 12/12 in The statistical analysis of latency, the time taken by the the morning period and between the groups 12/12 and animal to cross to the side opposed to the first choice, has 24/00, and the groups 10/14 in the afternoon periods. not shown statistical significance between the groups The time of permanence in the white side indicates the (00/24, 10/14, 12/12, 14/10 and 24/00), between same results. As illustrated in the graphs, a displacement the periods of test (morning, afternoon, night and late of the time of permanence among the sides can be night), not even when comparing groups and periods noticed. In the group 00/24 the time is apparently (Figure 2 ). equivalent at late night period, what contrasts with the preceding period, at the night. On the group 10/14 there is a significant inversion of the time of permanence during the night period, also contrasting with the preceding period, during the afternoon. On the group 12/12 this displacement is found during the morning period, which is also significant and different from the period immediately after, during the afternoon. The group 14/10 has an inversion in the permanence displaced to the night period, also in contrast with the preceding period (afternoon) and posterior (late night). During the morning period there is significance in the groups 12/12 and 10/14. During the afternoon period there is a significant difference between groups 12/12, 10/14 and 24/00 (Figure 1) .
The analysis of the number of crossings has shown a significant difference when comparing groups (24/00 and 10/14; 24/00 and 12/12; 14/10 and 10/14; and 00/24 and 10/14), but not when the periods (morning, afternoon, night and late night) were compared between each other or when the comparison was done between groups and periods. On the average number of crossings according to groups and periods a difference between the group 24/00 (as a whole, groups 24/00 and 12/12, 14/10 and 10/14, and 00/24 and 10/14 is significant (Figure 3) . not specifying the periods of test) can be noticed, where individuals show a higher frequency of crossings, and in the group 14/10, where this frequency is much lower. Similarly, the difference between groups 24/00 and 12/12, 14/10 and 10/14, and 00/24 and 10/14 is significant (Figure 3) .
Discussion
The findings of this experiment indicate a possible behavioral alteration in some of the subjects regarding aversion to the white side of the apparatus. The time spent by some individuals on the white side is different Mean total number of alternances, a standard error, in seconds, of the groups (00/24 10/14 12/12 14/10 and 24/00) in relation to the testing period (morning, afternoon, evening and late nigth). Significance, p 0,05, between Groups (represented by: *1, 24/00 x 10/14; *2, 24/00 x 12/12 Afternoon; *3, 14/10 x 10/14 Morning; and *4, 00/24 x 10/14). Biota Amazônia from the pattern, perhaps related to the amount of light spring/summer in Zebrafish natural environment. An and day period of the test.
explanatory hypothesis for this is that nocturnal The subject used, Danio rerio, exhibits a preference exploration may be related to foraging; and afternoon for the black side when tested in an aquarium half part exploration is related to reproductive needs. black and half part white (SERRA; MEDALHA; MATTIOLI, The animal's circadian cycle physiology seems to be 1999; GOUVEIA-Jr et al., 2005; MAXIMINO et al., preserved among species. The inner genetic factor 2010), and this preference is not affected by variations determines the speed of the metabolism through in the environment, like shape of the aquarium, isolation production of hormones (ARAÚJO, 2004) . This inner or environmental enrichment (number of objects) regulation is influenced by the external photoperiod (MAXIMINO et al., 2010) . The exposition to different (CARDOSO et al., 2009 ). The cells in retina are (in light periods can alter behavior of rats (FONKEN et al., vertebrates, like humans (CARDOSO et al., 2009 ) and 2009) and activity of fish (LÓPEZ-OLMEDA; MADRID; possibly also in fish (EVANS, 1998)) used by the internal SÁNCHEZ-VÁZQUEZ, 2006) . Zebrafish has a stripe of mechanism to control metabolic activity. Changes in cells with dark pigmentation on its back (SPENCE et al., environmental light are interpreted by these vertebrate 2008) . This kind of phenotype is possibly connected to nervous system causing a response to maintain the time spent on the dark side of the aquarium, because homeostasis (CARDOSO et al., 2009) . Therefore, this the dark stripe makes the fish hard to spot when influence is capable of displacing the inner metabolic contrasting the background, what protects zebrafish cycle of the animal, causing visible behavioral changes from predation (SPENCE et al., 2008) .
( CARDOSO et al., 2009 ). The main hypothesis supported in this discussion is
The latency (time taken by the animal to cross to the based on the fact that the studied animal is originate side opposite to the first choice) had no significant from the subtropical climate, with the four seasons of the differences. The high standard error suggests that the year clearly defining its photoperiod due to proximity sample used in this experiment contains subjects that with the Tropic of Cancer and low variation of differ from each other, although belonging to the same temperature (SPENCE et al., 2006) , making from light species, perhaps indicating subpopulations. the main influence on the overall metabolism of the The number of crossings on the apparatus tends to organism in several levels.
decrease when the groups 00/24 and 10/14 are The exploration of potentially aversive environments compared. On the following groups the number of possibly has an evolutionary basis related to economical crossings tend to increase. Perhaps the influence of light needs of foraging, reproduction and variations in is affecting circadian control of the overall activity. availability of resources in different ecological niches (KREBS; DAVIES, 1996) . The comparison between testing 5. Conclusion periods (Figure 1 , Graphs A,B,C,D, and E) shows a
The light/dark box test is sensitive to the period of the significant exploration on the white side for the group day on its parameters of permanence, without 12/12, during the morning. On the groups 10/14 and significant effects on the number of crossings and on 14/10 this exploration is displaced to the afternoon latency of exploration of this species. period. On the group 00/24 it is displaced to the late Studies regarding physiological basis of light/dark night (not significant) and on the group 24/00 it is preference should be further conducted in order to displaced to the afternoon period.
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